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Arthrorhachis tarda (Barrande, 1846) and Sphaeragnostus cingulatus (Olin, 1906) are described from the
Upper Ordovician (Harjuan Series) of Sweden and Bornholm, Denmark. S. cingulatus is extremely rare,
while A. tarda is generally abundant in middle Ashgillian strata and known from a great number of
localities in southern and south-central Scandinavia. Outside Scandinavia, A. tarda is frequently encoun-
tered in the pre-Hirnantian Ashgill of Poland, Bohemia, various parts of the British Isles, and Kazakh-
stan. In most of these areas, the species is generally confined to mudstone sequences, and it is usually

associated with faunas of Mediterranean type. The generic concept of Sphaeragnostus is revised.

Per Ahlberg, Department of Historical Geology and Palaeontology, Solvegatan 13 S-223 62, Lund,

Sweden. October 30th, 1988.

Although the agnostid trilobites reached their
maximum diversity during the Middle Cambrian
and early Late Cambrian, they are characteristic
elements of many Ordovician shelly faunas, and
range upwards into the pre-Hirnantian Ashgill.
In the Upper Ordovician, agnostid trilobites are
generally rare and of low taxonomic diversity.
However, in certain beds they may be compara-
tively common, and Upper Ordovician agnostids
are now known from many parts of the world.
Agnostid trilobites have been known from Up-
per Ordovician rocks of Scandinavia since the
middle of the nineteenth century, when Angelin
(1851) described Agnostus glabratus. Subse-
quently, Linnarsson (1869) recognized Agnostus
trinodus Salter (= Arthrorhachis tarda) from the
Upper Ordovician of Vistergétland, south-cen-
tral Sweden, and placed A. glabratus in its syn-
onymy. Later Olin (1906) described A. trinodus
(= Arthrorhachis tarda) and A. cingulatus (=
Sphaeragnostus cingulatus) from the Upper Or-
dovician of Scania (Skane), southern Sweden.
However, Scandinavian material of Upper Or-
dovician agnostids has received relatively little
attention since 1906. This study includes an ex-
amination of available museum material, and
aims at revising the Upper Ordovician (Harjuan)
agnostids of Sweden and Bornholm, Denmark.
Epicontinental Upper Ordovician rocks crop
out in several areas in Baltoscandia east and

southeast of the Caledonian Front. An exhaus-
tive review of previous works dealing with the
stratigraphy of the Upper Ordovician (Harjuan)
sequences of the mainland of Sweden was given
by Jaanusson (1963), who also introduced the
litho~ and chronostratigraphical classification
currently in use (Fig. 1). Recently, the existing
information on the Upper Ordovician in Dalarna
and Vistergotland was summarized by Jaanusson
(in Bruton & Williams 1982), and Bergstrom (in
Bruton & Williams 1982) synthesized the strati-
graphy and faunas of the Upper Ordovician in
Scania. The sequence on Bornholm was briefly
described by Gravesen & Bjerreskov (1982).

Systematic palaeontology

Terminology. — The terms used in the descrip-
tions are those advocated by Robison (1982),
except that rhachis and dorsal furrow are pre-
ferred to axis and axial furrow.

Measurements. — Measurements were made with
a micrometer eyepiece fitted in a binocular mi-
croscope. The following symbols have been used
for the measured parameters: Lc = maximum
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Fig. 1. Stratigraphical subdivision of the Upper Ordovician (Harjuan Series) in Scania, Vistergétland, Ostergdtland and Dalarna.
Compiled after Jaanusson (1963, in Bruton & Williams 1982), Bergstrém (in Bruton & Williams 1982) and Holmer (1986).

length (sag.) of cephalon; Lbc = length (sag.) of
cephalic border (incl. border furrow); Lac =
length (sag.) of cephalic acrolobe; G = length
(sag.) of glabella; N = distance (sag.) from rear
of glabella to highest point of median node; Wc
= maximum width (tr.) of cephalon; Wg = maxi-
mum width (tr.) of glabella; Lpl = maximum
length (sag.) of pygidium, incl. articulating half-
ring; Lp2 = length (sag.) of pygidium, excl. artic-
ulating half-ring; Lr = length (sag.) of pygidial
rhachis, excl. articulating half-ring; Lbp = length
(sag.) of the posterior pygidial border (incl. bor-
der furrow); Wp = maximum width (tr.) of pygi-
dium; Wr = maximum width (tr.) of pygidial
rhachis.

Repositories. — Illustrated specimens are depos-
ited in the type collections of the Palaeontologi-
cal Institute, University of Lund (LO), the Swed-
ish Museum of Natural History, Stockholm
(RM), the Geological Survey of Sweden (Sve-
riges geologiska undersokning, Uppsala, SGU),
and the Geological Museum of the University of
Copenhagen (MGUH).

Family Metagnostidae Jackel, 1909

Genus Arthrorhachis Hawle & Corda, 1847.
Type species. — Battus tardus Barrande, 1846
from the Kraluv Dvur Formation (Ashgill) of

Libomysl, near Zdice, Czechoslovakia.

Remarks. — I follow Fortey (1980) in restricting
the genus Trinodus to the holotype of the type
species, T. agnostiformis M’Coy, 1846.

Arthrorhachis tarda (Barrande, 1846)
Figs. 2A-1, 3A-B and 4A-1

1846 Battus tardus. Barr. — Barrande, p. 35.

1847 Arthrorhachis tarda, nob. — Hawle &
Corda, p. 115, pl. 6, fig. 60.

1851 Trinodus agnostiformis (M’Coy) -
M’Coy, p. 141, pl. 1E, fig. 10.

1851 Trinodus tardus? (Bar. Sp.) - M’Coy,
p. 142, pl. 1E, fig. 9.

1851 Agnostus glabratus. n.sp. — Angelin, p.
6, pl. 6, fig. 5.

1852 Agnostus tardus. Barr. — Barrande, pp.
913-914, pl. 49, figs. 1-4.

1864 Agnostus trinodus ~ Salter, pp. 8-9, pl.
1, figs. 8-10.

1869 Agnostus trinodus Salt — Linnarsson p.
83, pl. 2, fig. 62.

1896 Agnostus cf. galba, Billings ~ Reed, pp.
408-409.

1903 Agnostus agnostiformis (M’Coy), 1846
~ Reed, pp. 34, pl. 1, fig. 1.

21903 Agnostus tardus, Barrande, 1846 -

Reed, pp. 7-8, pl. 1, figs. 8-9.
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Fig. 2. Arthrorhachis tarda (Barrande, 1846). A, a nearly complete specimen from Rostinga, Scania. Jerrestad Mudstone. Coll. 5. A,
Tullberg 1879, SGU Type 7885, x8.8. B, a strongly flattened but nearly complete specimen from Bestorp, Masseberg, Vastergotland
Upper Jonstorp Formation. RM Ar 13666. x7.9. C, internal mould of a nearly complete specimen from Bestorp. Mosseberg,
Viistergdtland., Upper Jonstorp Formation. Coll. excursion 1980. LO 5923t. x7.1. D, internal mould of a flattened and slightly
distorted cephalon from Kungslena, Varvsberget, Vistergotland. Upper Jonstorp Formation. RM Ar 6129. x10. E, internal mould of

a flattened cephalon from Kungslena, Varvsberget, Vistergotland. Upper Jonstorp Formation. RM Ar 13650, x10.3. F, partially

exfoliated cephalon from Kungslena, vsberget, Vistergotland. Upper Jonstorp Formation. Coll. N. P. Angelin. RM Ar 13644,
x11.9. G, internal mould of a slightly flattened cephalon from Kungslena, Varvsberget, Vistergitland. Upper Jonstorp Formation.
RM Ar 6112. x10.9, H, a nearly complete cephalon from Rustsiter, Kinnekulle, Vistergdtland. Probably Oglunda Limestone. RM
Ar 13664. x10.8. 1, internal mould of a flattened cephalon from Kungslena, Varvsberget, Viistergétland. Upper Jonstorp Formation.
RM Ar 6110, x10.5,
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Fig. 3. Arthrorhachis tarda (Barrande, 1846). A, large cephalon, partially exfoliated. Note the presence of glabellar muscle insertion
areas. Jerrestad Mudstone, Kodngen core (depth 12.12-12.19 m), Scania. LO 5924t. x10.6. B, a large, nearly complete cephalon
from Kungslena, Varvsberget, Vistergotland. Upper Jonstorp Formation. RM Ar 6127, x11.1.
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Agnostus trinodus Salt. — Olin, p. 72,
pl. 4, figs. 15-16.

Agnostus tardus Barrande — Koliha, p.
5, fig. 3.

Trinodus tarda (Hawle and Corda) —
Whittington, p. 535, pl. 68, figs. 4-6.
Trinodus tardus (Hawle & Corda) —
Kielan, p. 258, pl. 1, figs. 4-6.
Trinodus tardus (Barrande, 1846) —
Kielan, pp. 59-62, text-fig. 13, pl. 1,
figs. 6-13.

Trinodus sp. — Kielan, p. 62, text-fig.
14, pl. 1, fig. 5.

Trinodus tardus (Barrande, 1846) -
Whittington, p. 97, pl. 24, figs. 8,
10-12, 14-17.

Trinodus tardus (Barrande, 1846) -
Ingham, pp. 9-10, pl. 1, figs. 1-3.
Trinodus cf. tardus (Barrande) — Dean,
pp- 7-8, pl. 1, figs. 3-14.

Trinodus tardus (Barrande) — Dean, p.
8, pl. 1, figs. 1-2.

Trinodus aff. tardus (Barrande) — Ab-
dullaev, pp. 106-107, pl. 44, fig. 6.
Trinodus tardus (Barrande), 1846 —
Apollonov, pp. 811, pl. 1, figs. 1-9.
Trinodus tardus (Barrande, 1846) —
Pek, pp. 25-26, text-fig. 7, pl. 8, figs.
1-4.

Trinodus aff. tardus (Barrande, 1846) —
Bruton & Owen, figs. 2B, 4, 6.
Trinodus aff. tardus (Barrande, 1846) -
Owen & Bruton, p. 11, pl. 1, figs. 1-4.

1981 Arthrorhachis cf. tarda Hawle &
Corda, 1847 — Owen, p. 11, pl. 1, figs.
1-3.

1983 Arthrorhachis tarda — Snajdr, pp. 197-
198, pl. 7. fig. 3.

Lectotype. — An internal mould of a nearly com-
plete specimen, illustrated by Barrande (1852, pl.
49, figs. 1-2) and Pek (1977, pl. 8, fig. 2); se-
lected by Pfibyl (in Horny & Bastl 1970). It is
deposited in the type collections of the National
Museum, Museum of Natural History, Prague, as
No. CD 1812.

Material. — Four complete, articulated speci-
mens, about 100 cephala, nearly 100 pygidia, and
several thoracic tergites. The specimens are gen-
erally flattened, and preserved as internal or ex-
ternal moulds.

Description. — The cephalon is moderately con-
vex, subquadratic to subcircular in outline, and
slightly wider than long (generally 1.1 times as
wide as it is long). The glabella, occupying
57-67% of the total cephalic length, is moder-
ately convex, nearly parallel-sided to gently ta-
pered forward, rounded anteriorly, and well de-
fined by deeply impressed dorsal furrows. It is
faintly constricted at about mid-length. A faint
median node is generally present and situated
slightly anterior to the midpoint of the glabella.
In dorsal view, the rear of the glabella is obtusely
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Table 1. Dimensions (in mm) of cephala of Arthrorhachis tarda.
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Le Lbc Lac G We Wg N
RM Ar 6112 2.8 0.3 . 2.5 1.8 32 1.2 -
RM Ar 13644 2.9 0.3 2.6 1.7 3.2 1.1 1.0
RM Ar 6110 33 0.3 3.0 1.9 3.6 1.2 -
SGU Type 7885 33 0.3 3.0 22 3.7 1.3 1.3
RM Ar 13656 35 0.4 31 22 4.0 1.2 -
RM Ar 13650 35 0.4 31 2.3 42 1.3 -
LO 1979t 3.6 0.3 33 23 3.8 13 -
RM Ar 13666 3.8 0.4 34 2.4 4.6 15 -
LO 5923t 43 - 0.4 3.9 24 4.7 15 1.4
LO 5924t 4.7 0.5 4.2 2.8 5.1 1.7 15
RM Ar 6127 4.7 0.5 4.2 2.7 50 1.6 -
RM Ar 13658 4.7 0.5 4.2 2.7 5.1 1.4 1.6

angulate. Rare specimens exhibit the glabellar
muscle insertion areas (Fig. 3A). The arrange-
ment and outline of these areas seem to be of
typical Arthrorhachis/Geragnostus type (see For-
tey 1980, fig. 4A). Glabellar furrows are not ap-
parent. The basal lobes are entire, subtriangular,
wider than long, and connected medially. The
basal furrows are distinct.

The acrolobe is evenly rounded. The genae are
smooth, subequal in width anteriorly and later-
ally, and slope downwards. The border is wide,
convex, and separated from the genae by a
deeply incised border furrow. It is widest ante-
riorly and antero-laterally, becoming narrower
postero-laterally. Sagittally, the border and bor-
der furrow combined occupy 9-11% of the total
cephalic length. Postero-laterally, the border is
not tucked beneath the genae. The posterior bor-
der is convex (exsag.), defined by a deep border
furrow, and protrudes into a short postero-lateral
spine. It slopes down beyond the fulcrum and is
then curved forward to become the lateral bor-
der.

The thorax is of typical Arthrorhachis/Gerag-
nostus type (see.e.g. Jaekel 1909; Whittington
1963, fig. 3; Hunt 1967, pl. 22, figs. 19-22, 46).

Table 2. Dimensions {in mm) of pygidia of Arthrorhachis tarda.

The pygidium is moderately convex, subcircu-
lar to subquadratic in outline, and wider than
long (generally 1.2 times as wide as it is long).
The pygidial rhachis (excluding the articulating
half-ring), occupying 35-42% of the total pygidial
length, tapers backwards and is divided into three
distinct lobes. The anterior rhachial lobe (M1) is
slightly shorter (exsag.) than the middle lobe
(M2), and both are crossed by a prominent
median ridge, which is highest posteriorly. M1 is
widest (tr.) and occupies 3340% of the maxi-
mum width of the pygidium. M1 and M2 are
separated from each other by a furrow which is
directed inward and slightly forward from the
dorsal furrow. The furrow is distinct laterally, but
absent medially across the median ridge. The
posterior lobe (M3) is generally rounded post-
eriorly and slightly shorter than M1 and M2 com-
bined. It is separated from M2 by a transverse

- furrow which is curved slightly forward medially.

In some specimens, the posterior lobe is truncate
posteriorly with a median protuberance faintly
outlined (Figs. 4C and 4F). The pleural fields are
smooth, down-sloping, widest sagittally, and set
off from the rhachis by deeply incised dorsal fur-
rows. The border is convex, widest posteriorly

Lpl Lp2 Lr Lbp Wp Wr
LO 5929t 1.6 1.4 0.7 0.2 1.7 0.5
SGU Type 7885 -- 2.8 1.1 0.4 3.5 1.4
RM Ar 13657 3.5 © 32 1.5 0.4 4.0 -
RM Ar 13666 3.7 35 1.3 0.5 45 1.6
RM Ar 6122 4.0 3.7 15 0.6 4.67 1.7
LO 5923t 42 38 1.5 0.6 4.8 1.6
LO 1980t 4.6 43 1.7 0.6 5.5 1.9
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and postero-laterally, and defined by a deeply
impressed border furrow. Postero-laterally there
is a pair of spines commencing on a transverse
line passing the posterior part of the pleural field.
The spines project from the upper surface of the
border. The anterior border is narrow (exsag.)
and set off from the pleural field by a deeply
incised furrow. The articulating facets are promi-
nent and steeply downward-sloping.

The external exoskeletal surface bears a reticu-
late pattern of raised lines (Figs. 4C and 4F).

The dimensions of the species are given in ta-
bles 1 and 2.

Remarks. — Arthrorhachis tarda seems to be a
variable species, particularly with regard to the
relative length of the glabella and the pygidial
rhachis, and the expression of the median glabel-
lar node. Much of the observed variation is, how-
ever, due to the state of preservation with or
without the exoskeleton and to the degree of
" compaction. For instance, compaction and flat-
tening may cause the glabella and the pygidial

rhachis to appear proportionately shorter (sag.)
in dorsal view. Furthermore, in specimens retain- -

ing their original convexity, the border is almost
tucked beneath the genae postero-laterally,
whereas flattening may cause the lateral border
to appear slightly wider in dorsal view.

The Scandinavian material of Arthrorhachis
tarda agrees in all important respects with mate-
rial from the Kraliv Dvir Formation of Bohemia
(see e.g. Whittington 1950; Pek 1977) and abun-
dant material of the species from the Stauro-
cephalus clavifrons Zone of Poland (Kielan
1960). Similarly to the Scandinavian material, the
specimens from Bohemia and Poland are gener-
ally preserved as internal or external moulds in
mudstones. Slight differences in the relative
length of the pygidial rhachis and the length/
width ratio of the cephalon and pygidium can be
attributed to intraspecific morphological variabil-
ity and to tectonic distortion. According to Pek’s
(1977, text-fig. 7) and Kielan’s (1960, text-fig. 13)
line drawings of A. tarda, the postero-lateral cor-
ners of the cephalon lack a spine. Scandinavian
material of the species shows, however, that the
posterior border protrudes into a distinct post-
ero-lateral spine. This is also obvious in a speci-
men from Bohemia illustrated by Pek (1977, pl.
8, fig. 3). The spines, however, are rarely pre-
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served or else are hidden in the rock and difficult
to prepare (cf. Apollonov 1974:9).
Specimens of Arthrorhachis tarda from Ashgill

“units in eastern Ireland (Dean 1971), Wales
* (Whittington 1968; Dean 1971) and northern

England (Ingham 1970; Dean 1971) are closely
comparable to Bohemian, Polish and Scandina-
vian material of the species. However, as noted
by Dean (1971:7), they differ in having a slightly
longer glabella and pygidial rhachis. It must be
emphasized, however, that the British specimens

. generally seem to retain their original convexity

(see e.g. Whittington 1968, pl. 24, fig. 8; Dean
1971, pl. 1, figs: 4, 6, 9, 10), and, as noted above,
this fact may cause the glabella and pygidial rha-
chis to appear longer. In addition, the relative
length of especially the pygidial rhachis is a var-
iable feature in many agnostids, even within
some populations. The cephalic postero-lateral
spines of A. tarda are clearly seen in a specimen
from the Kildare Limestone of Ireland, illus-

.- trated by Dean (1971, pl. 1, figs. 7, 11).

Owen (1981, pl. 1, figs. 1-3) illustrated a ce-
phalon and a pygidium from the Ashgillian suc-
cession of the Oslo Region, Norway. Although
poorly preserved they appear to represent Ar-
throrhachis tarda. On the other hand, agnostid
specimens from strata correlative with the upper
Caradoc (Upper Chasmops Limestone and up-
permost part of the Solvang Formation) in the
Oslo Region (Owen & Bruton 1980:11, pl. 1,
figs. 1-4) seem to be distinct from A. tarda in
having an appreciably longer and wider pygidial
rhachis (incl. the art. half-ring it occupies 55%
and 45% of the pygidial length and width, respec-
tively). The proportions of the individual parts of
the pygidium of the upper Caradocian specimens
correspond well with A. elspethi Raymond, 1925
from the Llandeilo-lower Caradoc of the South-
ern Appalachians. The cephalon differs, howev--
er, from those of A. elspethi in being proportion-
ately narrower (tr.), and in having a shorter gla-
bella and shallower dorsal furrows.

A pygidium from the Ashgill of Bukantau, Uz-
bekistan, referred to as Trinodus aff. tardus by
Abdullaev (1972), appears to fall within the
range of variation seen in Arthrorhachis tarda.
However, its poor state of preservation does not
allow a definite assignment to the species.

As noted by Zhou (1987:26), Arthrorhachis
sinensis (Sheng, 1964) and other closely allied
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Fig. 4. Arthrorhachis tarda (Barrande, 1846). A, internal mould of a flattened pygidium from Kodngen in the Figelsang area east of
Lund, Scania. Jerrestad Mudstone. Figured by Olin (1906, pl. 4, fig. 16). Coll. E. Olin 1899. LO 1980t. x8.9. B, internal mould of a
flattened pygidium from Kungslena, Varvsberget, Vistergotland. Upper Jonstorp Formation. RM Ar 6111, x11. C, pygidium from
Bestorp, Mosseberg, Vistergitland. Upper Jonstorp Formation. Latex cast from external mould. RM Ar 13660. % 10.3. D, internal
mould of a flattened pygidium from Kungslena, Varvsberget, Vistergatland. Upper Jonstorp Formation. RM Ar 6122, x10.2. E,
pygidium with two incomplete thoracic tergites. Lesa, Bornholm, Denmark. Jerrestad Mudstone. Latex cast from external mould
Coll. S. L. Torngvist. LO 59251, x8.4. F, pygidium and the posterior thoracic tergite. Kungslena, Varvsberget, Viistergotland. Upper
Jonstorp Formation. Coll. J. A. Wallin. Latex cast from external mould. LO 59261. x8.9. G, Incomplete pygidium from Kungslena,
Varvsberget, Vistergotland. Upper Jonstorp Formation. Coll. J. A. Wallin. Latex cast from external mould. LO 5927t. x11.6. H,
anterior thoracic tergite. Koangen in the Fagelsang area east of Lund, Scania. Jerrestad Mudstone. Coll. E. Olin 1899. LO 5928t.
*8.5. I, meraspidid pygidium. Kodngen in the Fagelsing area east of Lund, Scama. Jerrestad Mudstone. Coll. E. Olin 1899, LO
5929t. x16.

forms from the Caradoc-lower Ashgill of China front of the median node, and this species ap-
are closely comparable to A. tarda. They differ pears to be distinct from A. tarda.

from the type species mainly in having a longer

glabella and pygidial rhachis. However, A. sinen-

sis has a well-marked transglabellar furrow in Occurrence (Fig. 5). — Bornholm, Denmark:
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® Arthrorhachis
tarda

\ 500 km ,

Fig. 5. Distribution of Arthrorhachis tarda (Barrande, 1846) in northern Europe. The western boundary of the North Estonian
carbonate confacies belt is indicated by a dashed line. The distribution in Baltoscandia may suggest that it occupied relatively exterior
sites on the Baltic palaecocontinent. The species has been recorded also from Kazakhstan and possibly Bukantau, Uzbekistan.

Lesé (stream section at Vasegard; locality 3C of
Gravesen & Bjerreskov 1982:44); @lea (stream
section at Billegrav gird; Poulsen 1968); Risebzk
(Ravn 1899; Kielan 1960, pl. 1, fig. 6).

Scania (Skane), southern Sweden: Koédngen in
the classical Fagelsing area east of Lund (Olin
1906); Koingen core (Nilsson 1977); Lindegard
core (Glimberg 1961); Rostanga (several local-
ities; Olin 1906); Tommarp (several localities;
Olin 1906); Jerrestad (stream section in the Jer-
restadsin rivulet; Olin 1906); Tosterup (Olin
1906). In Scania and on Bornholm, Arthrorhachis
tarda is restricted to the Jerrestad Mudstone For-
mation (Jerrestadian Stage).

Ostergétland, south-central Sweden: Rassnis
and Roédbergsudden, both near Motala (see
Tornquist 1875 and JOnsson 1887 for locality
data). In addition to occurrences in the Upper
Jonstorp Formation, a pygidium (RM Ar 15816)
is known from the underlying Oglunda Lime-
stone in the Rassnés section.

In Vistergdtland, south-central Sweden, Ar-
throrhachis tarda is known from a great number
of localities. The most important are the follow-
ing (see Bergstrom 1968:3—4 for locality descrip-

tions and references to most of them): Bestorp,
Mosseberg; Stommen (Kungslena), Varvsberget;
Skogastorp, Plantaberget (Hogstenaberget);
Skultorp, Billingen; Rustséiter, Kinnekulle; Kul-
latorp core, Kinnekulle (Wzrn et al. 1948). Ad-
ditional localities are listed by Linnarsson
(1869:83). In Vistergotland, A. tarda occurs fre-
quently in the Upper Jonstorp Formation (“Red
Tretaspis Shale”) and Ulunda Mudstone of the
upper Jerrestadian Stage. In the Bestorp section
and Kullatorp core, however, it ranges down into
the Lower Jonstorp Formation (“Green Tretaspis
Shale”). In addition, a closely comparable and
probably conspecific form is known from the
Fjédcka Shale (Vasagaardian Stage) in the Kulla-
torp core (Wearn et al. 1948:377-378).

Dalarna, central Sweden: Vikarbyn and Gul-
lerdsen-Sanden. The species is known solely from
the Upper Jonstorp Formation.

Oslo Region, Norway: Hovedgya (Spannslok-
ket Member of the Skogerholmen Formation;
Owen 1981); Aslund, Hadeland (Gagnum Shale
Member of the Lunner Formation; Owen 1981).
In terms of the British sequence, the specimen
from Hadeland is from the Pusgillian Stage, and
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the specimen from Hovedgya was recovered
from the Rawtheyan Stage (see Owen 1981, text-
fig. 1 for stratigraphy).

The data above clearly show that Arthrorha-
chis tarda is a characteristic element of middle
Ashgill trilobite faunas in Scandinavia, and that it
is essentially restricted to mudstone units of the
Jerrestadian Stage. In Vistergotland, south-cen-
tral Sweden, and in Norway, however, it appears
to range down into the lower Ashgill (Vasagaar-
dian Stage).

Outside Scandinavia, Arthrorhachis tarda has
been recorded from a number of localities in
Poland (Kielan 1960), Bohemia (Pek 1977), the
British Isles (Whittington 1968; Ingham 1970;
Dean 1971), and Kazakhstan (Apollonov 1974).
In Bohemia, it has been recovered both from the
lower and upper part of the Ashgillian Kraluv
Dvur Formation. The Polish specimens are
mainly from strata corresponding to the Jerresta-
dian Stage of Baltoscandia. In addition, Kielan
(1960) reported the species from strata yielding
among others Dalmanitina mucronata (Brong-
niart, 1822), Brongniartella platynota (Dalman,
1828), Leonaspis olini (Troedsson, 1918), and
Phillipsinella parabola (Barrande, 1846). These
strata, designated as Dalmanitina beds by Kielan
(1960), may be of Hirnantian age (cf. Owen 1986,
table 2). However, Dalmanitina mucronata and
several of the associated trilobites appear already
in the Jerrestadian Stage, and it may be difficult
to distinguish between the lower Dalmanitina
beds and the Staurocephalus clavifrons Zone of
- the upper Jerrestadian Stage (e.g. Nilsson 1979).
Thus, a Hirnantian age for Arthrorhachis tarda in
the Dalmanitina beds of Poland cannot be cor-
roborated.

In the British Isles, most occurrences of Ar-
throrhachis tarda are within the Rawtheyan
Stage. There are, however, also rare occurrences
in the Cautleyan Stage of Haverfordwest, South
Wales (Sholeshook Limestone; Dean 1971). In
addition, there is a record of the species from the
Whitehouse Group (Caradoc-Ashgill transition)
of the Girvan district, Scotland (Reed 1903:7-8,
pl. 1, figs. 8-9). However, the Whitehouse speci-
mens have not been properly illustrated and need
to be revised, and I cannot determine whether
they belong to A. tarda or to a closely related
species.

In conclusion, Arthrorhachis tarda appears to
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range almost throughout the entire pre-Hirnan-
tian Ashgill, but most of its occurrences are in
middle Ashgill units (Jerrestadian Stage of Bal-
toscandia; Cautleyan and Rawtheyan Stages of
the British Isles).

Family Sphaeragnostidae Kobayashi, 1939

Genus Sphaeragnostus Howell & Resser (in
Cooper & Kindle 1936)

Type species. — Agnostus similaris Barrande, 1872
(pp. 144-145, pl. 14, figs. 17-18) from the Dobro-.
tivd Formation (Llandeilo) of central Bohemia;
by original designation.

Emended diagnosis. — The cephalon is highly ef-
faced, nearly featureless, and subelliptical in out-
line, with a length (sag.) slightly greater than the
maximum width. It is evenly vaulted and lacks a
border. The posterior margin is nearly straight. A
weak median node is generally present.

The pygidium is of similar outline and convex-
ity to the cephalon. The rhachis is well defined,
convex, subcircular in outline, and nearly fea-
tureless except for one or two faint median
nodes. The pleural fields are smooth, generally
widest sagittally, and slope laterally and post-
eriorly. The posterior and lateral border is well
defined, without spines, and generally widest sag-
ittally, narrowing gradually towards the antero-
lateral corners.

Species included. — Agnostus similaris Barrande,
1872 from the Llandeilo (Dobrotivd Formation)
of Bohemia; Agnostus cingulatus Olin, 1906 (pp.
72-73, pl. 4, fig. 17) from the Upper Ordovician
(Jerrestad Mudstone Formation) of Scania,
southern Sweden; Sphaeragnostus gaspensis
Cooper & Kindle, 1936 (p. 361, pl. 52, figs. 15,
17, 22, 23, 35) from the Upper Ordovician
(Grande Coupe beds of Lespérance et al. 1987)
of Percé, Quebec, Canada; Sphaeragnostus cerus
Zhou (in Lu et al. 1976:59-60, pl. 9, fig. 4) from
the lower Ashgill of Jiangxi and western Zhe-
jiang, China; Sphaeragnostus nudatus Koroleva
1982 (pp. 36-37, pl. 2, fig. 8) from the Caradoc
(lower Maijlisor horizon) of Kazakhstan; Sphae-
ragnostus subcircularis Zhou (in Zhou et al,
1982:218-219, pl. 57, fig. 13) from the Caradoc-
Ashgill of Subei, Gansu, China.
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Fig. 6. Sphaeragnostus cingulatus (Olin, 1906) from the Jerres-
tad Mudstone (middle Upper Ordovician; Jerrestadian Stage).
A, holotype, an internal mould of a nearly complete pygidium
from Koingen in the classical Fagelsing area east of Lund,
Scania, southern Sweden. Figured by Olin (1906, pl. 4, fig. 17).
LO 1981T. x7.3. B, a necarly complete but poorly preserved
specimen from a stream-section at Vasegard, Lasa, Bornholm,
Denmark. MGUH 1930.104. x7.2

Remarks. — Effacement is a common evolution-
ary trend in several lineages of agnostid trilo-
bites, resulting in multiple, smooth homeo-
morphs that are difficult to distinguish. Cephala
of species referred to Sphaeragnostus are charac-
terized by extreme effacement of the furrows and
lobes, and they are very like those of the Ordov-
ician Leiagnostus species. Pygidia of Sphaerag-
nostus are distinctive, however, and differ from
those of Leiagnostus and other highly effaced
genera in having a smooth but easily recognizable
rhachis which is subcircular in outline.

Sphaeragnostus is difficult to relate to any non-
effaced agnostids, and the systematic affinity of
the genus is obscure.
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Distribution. — Llanvirn-Ashgill; Bohemia (Pek
1977), southern Scandinavia (Olin 1906; Kielan
1960), Poland (Kielan 1960), Scotland (Thomas
et al. 1984:40), Wales (Thomas et al. 1984:45),
Quebec (Cooper & Kindle 1936; Robison 1987,
fig. 13.24J-L), Kazakhstan (Koroleva 1982),
China (Zhou 1987).

To the occurrences listed above may be added
western Ireland, if Weir’s (1959, pl. 63, figs. 9a-b)
specimen of an agnostid trilobite from the Ash-
gillian Ballyvorgal Group of Clare is interpreted
as a pygidium of Sphaeragnostus (cf. Whittington
1968:121).

Sphaeragnostus cingulatus (Olin, 1906)
Fig. 6A-B

1906 Agnostus cingulatus n.sp. — Olin, pp.
72-73, pl. 4, fig. 17.
1960 Sphaeragnostus cingulatus (Olin, 1906) —
Kielan, p. 57.
1960 Sphaeragnostus — gaspensis  europeensis
n.subsp. — Kielan, pp. 56-57, text-fig. 11,
pl. 1, figs. 1-3.
271976 Sphaeragnostus cerus Zhou (sp.nov.) —
Zhou in Lu et al., pp. 59-60, pl. 9, fig. 4.
271982 Sphaeragnostus subcircularis zhou (sp.
nov.) — Zhou in Zhou et al., pp. 218-219,
pl. 57, fig. 13.

Holotype. — By monotypy, an internal mould of a
nearly complete pygidium (LO 1981T; Fig. 6A),
collected by Emil Olin in 1899.

Material. — In addition to the holotype, a nearly
complete but poorly preserved specimen from
Bornholm, Denmark (Fig. 6B), and an internal
mould of a pygidium from the Lindegérd core no.
28, Scania, Sweden.

Description. — The cephalon is highly effaced and
subelliptical in outline with a length (sag.) slightly
greater than the width. It is evenly vaulted,
widest at about mid-length, and lacks a border. A
minute median node is faintly indicated and sit-
uated at approximately one-third of the cephalic
length from the posterior margin.

The pygidium is subcircular to subelliptical in
outline, subequal in length and width, and evenly
rounded posteriorly. It is moderately convex and
widest along a transverse line slightly anterior to
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Table 3. Dimensions (in mm) of the holotype of Sphaeragnostus cingulat
Lpl Lp2 CLpiRR Y Lbp Wp ToWr -
LO 1981T - 53 33 0.5 52 33

the mid-length. The pygidial rhachis, occupying
about 62% of the total pygidial length (excl. the
articulating half-ring) in the holotype, is subcircu-
lar in outline, about as long as it is wide, and
nearly featureless. It is highly convex and delim-
ited by deeply incised dorsal furrows. In the pygi-
dia from Scania, a minute node is faintly indi-
cated at the posterior end of the rhachis. The
pygidium from Bornholm shows that there is a
median node in the anterior portion of the rha-
chis. The pleural fields are smooth, convex,
widest sagittally, and slope appreciably laterally
and posteriorly. The border, occupying about
10% of the total pygidial length, is poorly pre-
served but obviously becomes narrower ante-
riorly towards the antero-lateral corners. It ap-
pears to be defined mainly by an abrupt change in
slope. The anterior border and articulating half-
ring are not preserved.

The dimensions of the holotype are given in
table 3.

Remarks. — Sphaeragnostus gaspensis europeensis
Kielan, 1960 from the Staurocephalus clavifrons
Zone of Poland appears to differ from S. cingula-
tus only in being slightly more elongate (length of
pygidium nearly 1.3 times its width). This differ-
ence may be due to distortion or intraspecific
morphological variability, and is not here consid-
ered to be of taxonomic significance. Therefore,
S. gaspensis europeensis is considered to be con-
specific with S. cingulatus.

Sphaeragnostus subcircularis Zhou (in Zhou et
al. 1982) from the Caradoc-Ashgill of China is
very similar to S. cingulatus and may eventually
prove to be a junior subjective synonym of the
latter. A similar uncertainty affects the validity of
S. cerus Zhou (in Lu et al. 1976) from the lower
Ashgill of eastern China.

Sphaeragnostus gaspensis Cooper & Kindle,
1936 from the Upper Ordovician of the Percé
area, Quebec, Canada, and S. cingulatus are ex-
ceedingly alike, and the former differs from the
latter mainly in having a more elongate pygidium
(width/length ratio about 1:1.2) and a more ante-

riorly situated median node on the cephalon (at
mid-length). In addition, §. gaspensis appears to
lack a node at the posterior end of the rhachis,
but this may be because it is covered with the
exoskeleton.

Occurrence. — Middle Upper Ordovician (Jerres-
tadian Stage). Kodngen, Scania, southern Swe-
den (Jerrestad Mudstone; locality described by
Olin 1906:19); Lindegérd (S. Sandby) core no. 28
(depth 21.41-21.65 m; Jerrestad Mudstone), east
of Lund, western Scania; stream-section at Vase-
gard, Lzsd, Bornholm, Denmark (Jerrestad
Mudstone; locality 3C of Gravesen & Bjerreskov
1982:44); Brzezinki, Poland (Staurocephalus cla-
vifrons Zone).

Concluding remarks

Epicontinental Upper Ordovician rocks crop out
in a great number of areas in northern Europe.
The sequences are generally richly fossiliferous
and studies during the last decades have revealed
a complexity in the distribution patterns of trilo-
bites and brachiopods. Jaanusson (1979) summa-
rized the faunal distribution data for northern
Europe, and distinguished between three spa-
tially different lower and middle Ashgillian fau-
nas:

(1) Faunas of Mediterranean (Bohemian) type
characterize sequences that consist predomin-
antly of mudstone. Trilobites are numerically
dominating and they have a high taxonomic di-
versity. Faunas of Mediterranean affinities are
generally characterized by the occurrence of the
trilobite genus Phillipsinella, and they are wide-
spread in Bohemia, Poland, southern Scandina-
via, and the British Isles (Jaanusson 1979, fig.
10).

(2) Hiberno-Salairian faunas are confined mostly
to limestones associated with mudstone. The
macrofauna is rich and diverse, but generally oc-
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curs in patches. The trilobite genus Holotrachelus
is a characteristic element. A typical example of
limestones with a Hiberno-Salairian fauna is the
Upper Ordovician Boda Limestone of the Siljan
district in Sweden. Where the limestones inter-
grade with the mudstones, as in Ireland and in
parts of northern England, the Hiberno-Salairian
faunas are mingled with Mediterranean ele-
ments.

(3) Faunas of the North Estonian carbonate con-
facies belt. The trilobites have a low diversity,
generally with Chasmops (Toxochasmops) as a
distinctive genus.

In Bohemia, Poland and southern Scandinavia,
Arthrorhachis tarda is generally associated with
Phillipsinella parabola (Barrande, 1846) and
mostly confined to fine-grained terrigenous sedi-
ments. Neither of these species has been re-
corded from the North Estonian carbonate confa-
cies belt or from the Boda Limestone (carbonate
mounds) of the Siljan district in Sweden. In the
British Isles, A. tarda is widely distributed, espe-
cially in the Rawtheyan Stage, and it is frequently
encountered in mudstones yielding Phillipsinella
(e.g. Whittington 1968, table 4; Dean 1978: 111-
112). Thus, the distributional data of Arthrorha-
chis tarda suggest that it is a typical component of
faunas with Mediterranean affinities. It must be
emphasized, however, that A. tarda is also
known from reefal limestones with Hiberno-Sa-
lairian faunas in eastern Ireland (Chair of Kildare
Limestone; Dean 1971) and in northern England
(Keisley Limestone; Dean 1971). However, the
faunas of these limestones have also yielded Phil-
lipsinella parabola and they appear to be mingled
with Mediterranean elements.

Sphaeragnostus cingulatus and closely compa-
rable Ashgillian forms of Europe are associated
with mudstones, and, although rare, they seem to
represent elements of Mediterranean-type fau-
nas. Similar faunas from the Ashgillian Grande
Coupe beds of the Percé area in Quebec have
yielded the closely allied species S. gaspensis, and
they' show a striking affinity with northwestern
European faunas (Lespérance 1968; Lespérance
et al. 1987:125).

Evidence presented by Jaanusson (1979)
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strongly suggests that the distribution of many
elements of the Mediterranean-type faunas are
related to lithofacies, and they appear to have
been basically substrate-dependent (cf. Jaanus-
son 1984:136). Arthrorhachis tarda is clearly a
common element of the Mediterranean-type fau-
nas and generally associated with mudstones.
This may suggest that it is related to benthic
conditions and a benthic habitat may seem likely
(cf. Fortey & Barnes 1977:306). A pelagic mode
of life cannot be excluded, however, because the
distribution may well have been controlled by
other environmental factors which also influence
the sedimentation. Thus, a strong positive corre-
lation between certain agnostid trilobites and fa-
cies type is not necessarily in conflict with a sup-
posed swimming or floating mode of life for ag-
nostid trilobites.
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Dansk sammendrag

Fra Skandinaviens gvre ordovicium (Harju Se-
rien) kendes for indeverende kun 2 arter af ag-
nostide trilobiter, Sphaeragnostus cingulatus
(Olin, 1906) og Arthrorhachis tarda (Barrande,
1846). Af disse er S. cingulatus uhyre sjzlden og
kendes i Skandinavien kun fra Jerrestad Forma-
tionen (mellemste ashgill) pA Bornholm og i
Skane; definitionen af slegten Sphaeragnostus er
revideret. A. tarda er derimod ret hyppig i Jon-
storp Formationen (mellemste ashgill) og jevn-
aldrende enheder, og kendes fra en lang rakke
lokaliteter i det sydlige og syd-centrale Skandina-
vien. Uden for Skandinavien er A. tarda alminde-
lig kendt fra det ¢verste ordovicium i Polen, Béh-
men, Kazakhstan og forskellige egne af Storbri-
tannien. I de fleste af disse omrader er arten
overvejende begrenset til mudderstens-sekven-
ser, og den er normalt associeret med faunaer af
“mediterran type”. A. tarda synes at optrade
gennem hele ashgill med undtagelse af hirnan-
tian, men den er mest almindelig i enheder fra
mellemste ashgill.
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